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We, AiiAN DOTOBE BiiXmiiBiN, of 57, 
Earrs OoTirt Square, London, S.W. 5, a 
British, subject, and Electbic Am) 

MnStCAI, iNnXTSTUXBS LlMITEB, of Blytli 
B Read, Hayes, in the Uounty of Middlesex, 
a company registered under the laws of 
Great Britain, do hereby declare the 
nature of this invention to be as 
follows : — 

10^ This invention relates to the transmis- 
sion, recordinp^ and reproduction "of sound 
and is more particularly directed to 
systems for recording and reproducing 
speech, music and- other sound effects, 
15. especially when associated with picture 
effects as in talking motion pictures. 
^ The fundamental object of the inven- 
. tipn is to provide a sound recording and 
repfoiiucing system V7hereby a true direc- 

^ tioiiaj impression may be conveyed to a 
listener thus improving the illusion that 
. . th.e sound is coming, and is only coming, 
from the artist or other sound sourc© pre- 
sented to the eye- In order that the 

25 physical basis *of the invention can be 
appreciated and the stages of iti develop- 
ment understood^ known and established 
facts* concerning the- phyrical relations 
between sound sources, sound waves 

230 emitted thereby, and the human ears will 
be briefly summarised. 

Human ability to deterfoine the direc- 
tion^ from which sound arrives is due to 
binatiipal hearin^^ thb- brain being able to 

-•^^ detect djifierences between sounds received 
by the two ears froin. the same 'soUi'ce and 
thus to determine angular direction. This 
lunction is welt kaot^ and ' has been 
employed;^ to odn^derahle extent for 

,w exam^e in sub-aqueotts di^^e'etion&l' detec- 
tion _m which ' two microphones' ate con^- 
nected by headphoiies, one to each ear of 
an observer^ the two channels between 
the microphones and the tw6 ears bein^ 

^ kept entirely separate. 

with two microphones correctly spaced 
and^ Jhe: -two channels entirely separate 
it is known that this directional effect can 
also be obtained for example in a stiidio, 

.50 but if the channels are not kept separate 
(for example, by replacinpr the headphones 
by two loud speakers) the effect is largely 
lost. The Snv'^^^nT' '^nfrtTirtrrtnipln'fcfta con- 



trolling the sound, emitted for example- 
by sucn loud speakers, in such a way that BB 
the directional effect will be retained. • 

The oper.ation of the ears in determin- 
iufy the direction of a Sound source is not 
yet fully known but it is fairly well estab- 
lished that the main factors having effect 60 
are phase differences and intensity differ- 
ences between the sounds reaching the*two 
ears, the influence wKich each of these 
has depending upon the frequency of the 
sounds emitted. For low frequency soun4 65 
waves there is little or no difference in 
intensity at the two ears but there is a 
marked' phase difference. For a given 
obliquity of sound the phase difference is 
approximately proportional to frequency, 
representing a fixed time, d^^v between 
sound arrivmor at the two. eafsi^.by noting 
which the brain decides? the:directiOifc &oilx 
which the sound arrives. This operation 
holds for all frequencies up to that at 75 
which there is a phase., difference of 
radians or more between sounds arriving 
at the two ears from a source located ott 
the line joininj? them.; but above such' a 
frequency if phase difference were the aol& 80 
feature relied upon for directional Iocsl- * 
tion there would be ambiguity in thb 
apparent position of thie source. At thkt 
stage however the head begins to become 
effective as a baffle alid causes noticeable sS 
intensity . differences between the sounds ^; 
reaTshing the two ears, Snd it is by iiotiiig 
such intensity differences t£at the brain 
determines direction of sounds at higher 
frequencies. It has been* stated that thb 90 
frequency at which the braih\changes over 
from phase- to intensity-discriminfttio^ 
occurs at about 700 c.p.s. but it must bfe 
understood that this may vary wil3iin 
quite wide limits in dAerent circum- 95 
stances and from person to person, and 
that in any case the transference is" not 
sudden or discontinuous but there is con- 
siderable overlap of the two phenomena 
so Jhat over, a considerable,^, feeqae'ncy 100 
range differences of both phase and inten- 
sity will to some e:d;ent have an .effect' in. 
determining, the sense of direction experi- 
enced. 

From the above* ' considerations it w31 
be clear that a directional ^eot is to he 
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obtained by providing low-frequency 
phase ^ differences and high-frequency 
intensify differences at the two ears, and 
it woula appear that in reproducing from 
|5 two loud speakers the differences received 
by two microphones suitably spaced to 
represent human ears would give this 
-J effect to a listener if each microphone 
were connected only to one loud speaker. 

iO It cah (56 shown however that phase differ- 
ences necessary at the ears for low-fre- 
quency directional sensation are not pro- 
duced by phase differences at two loud 
speakers (both of which communicate 

15 with both ears) but are produced by 
intensity differences at the speakers : 
while initial intensity differences from the 
sources necessary for high-frequencies are 
not Bufl5.ciently marked when the sounds 

20 reach the ears, and to produce suitable 
effects therefore the initial differences 
must 1b e amplified. 

It will be seen therefore that the inven- 
tion consists broadly in so controlling the 

25 intensities of sound to be or being, emitted 
by a plurality of loud speakers or similar 
sound sources, in suitable spaced relation- 
ship to the listener, that the listener's ears 
win note low-frequency phase differences 

30 high-frequency intensity differences 

suitable for conveying to the brain a 
desired sense of direction of the sound 
origin. 

It must be understood that the control- 
SB ling of intensities of a plurality of loud 
speakers spaced, for example, round a 
motion picture screen has previously been 
pTftposen ftnd no noveltv ^or mere inten- 
sity control per se is claimed, except inso- 
}40 far as the nature of the control is such as 
to provide tEe necessary phase and inten- 
sity difference sensations. -If the sound 
is first recorded and subsequently repro- 
duced from the records, the control may 
• %5- be wholly effected either during the 
recording or during reproduction, or may 
be partially carried out in each stage. 

More specifically the invention consists 
in a method of transmitting, recording 
go and/ or reproducing sound wherein a 
plurality of transmission channels so 
interact, each upon each, or are in such 
relation or so relatively modified in com- 
bination and subsequently reseparated, 
j55 that the coniplete intelligence initially 
transmitted is further conveyed, differ- 
ently arranged, between the channels. 
The invention also consists in a method 
' -of -ti^ansmitting^ recording and /or repro- 
gO ducing sound wherein phase differences 
between a plurality of signals are con- 
verted" into amplitude differences. 

The invention also cpnsists in apparatus 
and means for carrying into effect the 
.65 above specified methods of sound trans- 



mission, recording and/or reproduction, 
and in further features which will become 
apparent from the following description 
of one manner of carrying out the inven- 
tion. It must be understood however that "jfO 
this description is given merely by way 
of example and does not "impose any 
restrictions upon the scope of the inven- 
tion or the m,anner and means whereby it 
may be accomplished *fS 

It will be clear that the invention is 
particularly applicable to talking motion 
pictures and the following description 
will therefore be given with reference to 
this application,^ In one form of the gO 
invention convenient for this purpose the 
sounds to be recorded and reproduced with 
the pictures may be received by two pres- 
sure microphones mounted on opposite 
sides of a block of wood to represent ears 85 
on an artificial head. The outputs from 
the two microphones are taken to suitably 
arranged transformers or bridge or net- 
work circuits which convert the two 
primary channels into two" secondary Sf 
channels which may be called the sum- 
mation and difference channels » These 
are arranged so that the current 
flowing into the summation channel 
will . represent half the sum, or tbe 
mean, . of j--: the currents flowing in 
the two original channels, while the 
cuirent floV?^g into the difference channel 
will represent half the difference of the 
currents in the original channels. If ISS 
the original currents differ in phase only, ^ 
the^urrent m the difference channel will 
be^ different in phase from the current 

in the summation channel. This differ- 
ence current is then passed through a 
condenser ; the voltage across this con- 
denser will be in phase with the summa* 
tion channel current. By passing the 
summation- chann'e(l''«urrenit throiTgh a 
resistance, a voltage is obtained which 
remains in phase with the voltage across 
the condenser in the difference channel. 
These two voltages are then combined and 
re-separated by the same process as pre- 
viously adopted so as to produce two final 
channels. The voltage in the first final 
channel will be the sum of these voltaiyes 
and the voltagfrin the second final channel 
will be the difference between these volt- 
ages. Sinfce these voltages were in phase 
the two final channels will be in phase 
but will differ in magnitude/ By choos- 
ing the value of the shuiii resist'iffnbe in 
the summation channel and the shunt 
condenser in the difference channel for a 
given frequency, any degree of anipjitude 
difference in the final channel can be 
obtained for a given phase difference in 
the original channels. For the low fre- 
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uencies it can "be sliown that the phase 
ifferencB between the waves will, for a 
given- obliquity of the sound source, voxj 
proportionately with frequency, being 
g veiy small for a very low frequency. 
Hence the use of a shunt condenser m 
the difference circuit will have the effect 
of prodiicm^ a fixed intensity difference 
in th^ final channels for a given obliquity 
iO at all low frequencies. 

For the higher frequencies as indicated 
above it is not necessary to convert phase 
shifts into amplitude differences, but 
simply to modify amplitude differences. 
15 The shujit condenser in the difference cir- 
cuit is therefore built out with a resistance 
whose value determines the degree of 
modification. 

It may be found necessary to employ 
20 more complex circuits than the shunt 
resistance and condenser in the summation 
- circuit and shunt resistance in the differ- 
ence circuit, which however form the 
basic arranp^ement. However it must be 
25 understood that the circuits employed may 
be considerably modified as required 
without departing from the scope of the 
invention. 

If two very* email microphones are used 
'30 and placed very close together it may be 
found possible to obtain microphone, out-, 
puts which do not differ appreciably in. 
amplitude but only in phase for all work-: 
in^ frequencies. In this case the modi- 
35 fyiiig circuit would be arranged to con- 
vert phase differences into amplitude 
differences throurfiout the entire fre- 
quency range. The phase differences 
dealt with at the low-frequencies however 
'40 may be so small that in this case slight 
differences in the two microphone circuits 
would have very large effects. On this 
account microphone spacing of the same 
order as that of the human ears is most 
*45 suitable. 

The impulses transmitted through the 
two channels as indicated above may then 
be recorded on two sound ti'aclcs on a film, 
for example, by any suitable or known 
gQ means, which record may comprise a 
sound track of constant density and vari- 
able width (e.g. an oscillograph record), 
or a sound track of constant width and 
variable density (e.g a Kerr cell record). 
55 Such a record may be reproduced by 
passing ligTit from the same slit througb 
- the two tracks, separating the beam into 
the two- record portions by means of 
p:ci3ms . or_like optical means and..eraploy- 
.g5 inf? the outputs from two photo-electric 
* cells, excited by these separate parts of 
the beam (after amplification) to operate 
two loud speakers disposed one on each 
side of the screen upon which the cinenia- 
j8& tograph pictures are projected. 



It will be appreciated that the amount 
of modification of the impulses trans- 
mitted through the summation and differ- 
ence channels as indicated above depends 
upon a number of factors, including the 
relative spacing of the microphones and 
of the loud speakers, and the size and 
positioning of the screen. It can be 
shown that for low ^ frequencies w the 
degree of modification required in the 75- 
difference channel as compared with the 
modification in the summation channel is 
given by : — 

ir ^ y ^ 

where 8^ 

i;= velocity of sound. 

2/= fraction of half picture film width 
which the image of the sound 
source is off centre. 

5 = angle of obliquity, in radians, of the 85- 
source from the median plane 
between^ the microphones. 

7c = effective distance apart of the micro- 
phones, 

dth of screen of theatre. 90 
outdistance apart of loud speakers in 
theatre. 

This expression in effect gives the 
impedance of the shunt capacity in the 
difference channel in terms of the resis- 95- 
tance in the summation channel. It holds 
for all frequencies where h is small com- 
pared t^ the wavelength, and is based on 
the assumption that the 0 is small and 
that X and s are small compared with the 
distance of the listener from the screen 
and loud speakers. 

The portion is a factor of the 

recording, and is constant for a given 
axrangement if either the camera is in 
line with the microphones and the centre 
of the picture, or the action does not move 
^appreciably to or from the microphones - - 
and camera. When recordirfg, the rela- ^ 
tive distances of camera and microphones ^^Q" 
and the focal length of the lens may be 
adjusted to maintain this factor & con- 
stant. 

The expression — is a constant for the 

theatre. As regards low frequencies only, 115, 
the distance apart of the speakers need 
not. exceed the screen width, but should 
certainly not be closer than 70%» of the 
screen 'width. The closer tne loud 
speakers the greater the necessary power i20» 

handling capacity, "but the l$sa the"' 

troubles introduced by formation of 
stationary waves. 

For tlie high frequencies no definite 
expression can easily oe obtained, and the •125 
modification used will probably have to 
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gauged empirically by trial aiiS erfor. 
The arguments and formula given above 
are based on a direct wave analysis and 
. may have to be considerably modified in 
■ p t)rder to * allow for reflection or otber 
acousii(5 effects. It is preferred tb^e- 
fore to' introduce tbe modificationa it is 
proposed to employ, at 'tbfe tbeatro since 
all f&ctors will tlien ent^r into considera- 
10 tion'. It will be clear iJiat, as indicated 
above, tbe modifying networks and 
cbannel' arrangements may be * emjplbyed 
between tbe micxopbones and tbe filin 
during recording, or between tbe record 
15 ^ind tbe loud speakers during reproduc- 
tion, and tbe latter course, in addition to 
allowing of adjustment of tbe arrange- 
ments to suit tbe particular tbeatre as 
indicated above, bas tbe additional 
20 advantag^f tbat tbe sound film can be 
reproduced by a single reproducdng bead, 
or cbannel if for example one of tbe dual 
arrangements breaks down, or in a tbeatre 
wbicb, baving one installation, does n^t 
25 wisli to go to tbe expense of installing a 
second apparatus. 

In order t'o employ successfully a system 
of tbe kind described above it is neces- 
sary, to carry out preliminary experiments 
.SO:tQ .d'eitesrmine tbe most suitable v.altie of 



indicated above, wbile tbe binaural 
[' transfer '* frequency (from pbase- to 
intensity-discrimination) need bave no 
definite significance in recording, since ii 
is a function of tbe buman brain it is 
nevertbeless necessary to fix a cbang^-- 
over frequency from bigb- to low-fro- 
quency working for recor^ng, since thi^ 
frequency fixes tbe form of modification 
to be used, tbe distance apart of tb<^^ 
micropbones and tbe form of bafiiv? 
between tbem. Any convenient fre- 
quency may be cboseii as standard aftc^r 
experieiice bas decided wbicb is mas'' 
suitable. Instead 6i standardising it may 
be possible from tbe prelbninary eSipers- 
ments to allow electrically for variation 
of micropbone positions and/ or of micro- 
pbone spacing (altbougb tbe latter would 
be extremely difiicult) and it must be 
understood tb^t tbis arrangement fallr- 
witbin tbe scope of tbe invention. 

Tbe above described system is basoc! 
upon consideration^ in wbicb no account 
is taken of sound reflections or interfer- 
ence eitber durinjj recording ot reproduc- 
tion. If difficulties arise from tbis cause 
tbey may be overcome by employing a 
second pair of loud speakers di^er en tly 



.T--~T.T-~7: , suitable y^lue of spaced jand baving a different modifying 

modificatioli to be employed for eacb network from tbe fixst pair : or a row oi 



-recor^in^, and it is also necessary to 
standardise various factors -entering into 
every recording. In tbe preliminary 

J35 experiments, before recording, volume 
* indicator measurements may be made witb 
a' standard 'sottfce placed' at tb6 extremes 
of tbft set i.e, tbe space within wbidli 
recording is to be effected, and fromtbese 

[4a tbe proposed modifying network laid* out. 
A f urtber experiment may also be effected 
to standardise pbase angles on the fllm. 
At tbe tbeatre a simple adjustment may 
be provided to check and balance tbe input 

"45 : to the two. cbannelg, a letlgtb of test film 
being uSed for this purpose. It will thus 
M b&'seen that tbe total theatre equipment 
. necessaify is very simple and consists in 
a transmission modifier (comprising two 

5Q or four transformers, for' example, arti- 
ficial line resistances and tbe control net- 
worlc, wbicb may be no more than a con- 
denser and a resistance) and two normal 
sound-reproducing beads or pick-ups, or 

55 one specially designed bead or pick-up 



pair : or a row ox 
speakers may be used with a composite, 
progressive modifying network to supply 
them; or the two speakers may be placed 
comparatively close together, no direc- H 
tional effect in tbis case being given to 
bigb frequencies, except insofar as a 
v4.AjLx%>j.%^A«.\.9 y^tvxLcxt Lia.e ttiigie or 
obliquity of tbe sound varies only witbiti 
such very small limits, as to avoid jg 
ambiguous results) may be employed to 
give 8ome such effect even at nigh fre- 
quencies. 

The system so far described employs to 
receive . tbe sound waves two pressuxe ^ 
micropbonfes. Velocity or moving con- 
ductor microphones (^e.g. movino- strip 
microphones) ar^ also very suitable and 
may be employed, in which case various 
alterations in the system may be neces- 
Such velocity mrcropb.ones give a 



sary 

response varying as tbe cosine of tlk«» 
angle of incidence of the sound relatfvtv 
to the directioii of normal or optimum 
, , ' r XI- X - J- - incidence, and they have the advantage x* 

adapted to separate tbe two recordmgs m the present- system that a specific deore^^ 
»to: .two comi^lA^ reproducing channels, of loud speaker output separation mav b» 



There is no reason why tbe second cbannel 
' - usedp.j^^bpuld not be ,tbe .^tand-by ** 

go cbannel now often installed for safety 
since if, as indicated above, one of tbe 
channels breaks down reproduction may 
be continued without serious consequences 
on tlie other channel only. 

^ In. coimfection with' the standardisation 



- itput separation may b» 
obtained without pbase-con.version or life 
network modifications. 

Three general arrangem.ent& employing 
velocity micropbones are possible, and ia ^ 
all cases the micropbones are placed as 
near together as possible instead" of beinst 
spaced as artificial ears, as in the case oi 
pressure miDrofkiiones. ^ 
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. (1) Two velocity micropliones are placed 
one with "its axis directly facing* in "tKe* 
direction of the centre of the scene, and* 
the other with its axis at right angles to 
^ that direction. A performer speaking 
* from the middle of the scene will affect 
only the face-on nxicrophone/ but If he 
moves to one side both microphones will 
provide outputs, while if he moves the 
10 other way the outputs are identical but 
the phase of the edge-on^ microphone is 
reversed. Since the microphones are 
close together no phase differences are 
experienced between them and if their 
15 outputs are summed and difterenced after 
a suitable amount of relative amplifica- 
tion the two Anal channels differ in magni- 
iude in the correct manner for operating 
y the loud speakers to give the desired direc- 
20 tion^l effect. Such sum and difference 
V* arrangement differs from the modifying 
'^'V network employed with pressure micro- 
7^" phones in that the pressure type provide 
J'f phase differences- (whereby direction is 
25 determined) which have to be converted, 
whereas with the velocity type the edge- 
'^4""' on microphone provides" an output pro- 

I)Ortipnal to the obliquity of the soxirce. 
v-ru;. ^ (2) Two velocity microphones may be 
'^Q' placed 'with their axes perpendicular to 
^ .' one' another and -each axis at 45° to the 
r'direction of the centre of the screen. 
They are sufficiently close tonrether to 
render phase differences of the outputs 
35 negligible and the output amplitudes 
differ B'^^proximately proportionally to the 
obliquity of the incident sound. They 
may therefore be amplified similarly, and 
supplied directly to the loud speakers to 
40 which they- will- give the • correct ampli- 
tude^ differences for the desired directional 
effect provided the^ relationship' between 
the- various dimensions of the recording* 
and reproducing " lay-outs are correct. 
'45 If it is desired to accommodate any differ- 
encies between the lay-outs ** the out- 
puts may be modified by networks, in the 
manner described, suitably to increase or 
decrease the differonces between tliem. 

(3) Two microphones may be arranged, 
with the two axes lying synametrically to 
the direction 'of the centre of the screen 
and with an angle bet^v-een them of say ^ 
degrees, so that souixd from a performer 

at the centre * subtends an angle of ^ 

v-*-'degrees to each microphone. . If ^^ . i* 
small a small movement of the performer 
to one side is sufficient to make one micro- 
phone " edge-oh *' and to reduce its out- 
put to zero, while if 0 is large a large 
movement of the performer is necessary to 
do this. By making 6 adjustable different 
lay-outs may be accommodated with- 
out the modificatioh " indicated under (2) 
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and it will be clear also that this pro- 65 
vides a method of directional sound trans- 
mitting, recording^ and reproduction which 
avoids tlie necessity of combining and 
reseparating the two channels. 

Two velocity microphones set with their 7Q 
axes symmetrically inclined to the direc- 
tion of the centre line of the scene, may,' 
if placed one above the other, be employed 
also to provide significance of vertical as 
well as horizont^il movement of fhe sound 75 
£i0urce. Such vertical displacement of 
the source will in this arrangement give 
phase differences to the outputs while 
lat-eral displacement gives amplitude 
differences, and these can be separated, 80 
the phase differences converted to inten- 
sity differences by modifying networks, 
as described, and the resulting impulses 
employed to operate four or more loud 
speakers distributed round the screen, the 35 
transmission occupying however onlv two 
channels. A similar effect may be 
obtained with a plurality of pressure 
microphones by employing suitable modi- 
fication previous to transmission. 90 

In obtaining a complete directional 
" sound picture i:e. ..both horizontal 
and vertical directipiial effects,, the inven- 
tion is not limited 'solely to the use of 
two microphones. A. plurality may be' 95 
employed iind their outputs sxiitably 
collected and/or modified and/or 
separated to transmit suitable differences 
of impulses to a plurality of loud speakers. 
The geneiul feature is that two trans- i0Q[ 
mitting channelsj receiving impulses from 
two or - more microphones for ' exam.ple; 
communicate two directional sensea at 
rin^ht angles to one another, the soxtiids 
whereby this is done being provided b^ A £95 
plurality of . loud speakers.* " 
^ It will be seen that while with pressure 
microphones it is preferred to transmit 
phase differences rather than amplitude' 
differences and convert from 'one to tlie'j[£(y 
other in the last stage, with*' velocity- 
microphones it; is more convenient to'^ 
transmit the two channels in phase but at'* 
different amplitudes; the oidj m.odiffca-' 
tion then necessary being ^iri increase or aak 
decrease of the amplitude differences 
should the reproducing: " lay-out differ" 
from* the recording'" lay-out.** or should' 
more than two loud speaker positions be 
used. 

"There is' a simple niethod * by -which - - - 
modifications for increase or decrease of 
differences between channels may be 
effected if no conversion of phase differ- 
ences into amplitude differences is .g*- 
required. The method is particularly * 
useful for the operation of more than two 
loud speakers. If the transmission is 
effected in the form of two channels 



394,325 



similar pliase but difEerent ampKtudes, an present inTeniion, one bein^ only aligbtly 
alteration ^of tbese amplitude differences different from tlie otber, since a cei^ain 



may be effected by connecting one wire 
of each channel together and connecting 
5 a choke between the other two wires of tbe 
two channels. The outgoing channels 
whose difference is to be a modification of 
the original difference, are connected ta 
the common point of the original 
10 channels, and to tappings along the choke. 
If the differences are to be increased, the 
tappings at which the output channels are 
con^iected lie outside the tappings to 
which the input channels are connected, 
15 so that the choke operates in effect as an 
auto-transformer amplifying the differ- 
ence voltages. Similarly, for a reduction 
of differences, the output channels are 
tapped intermediately between the two 
20 input channels. Modifications of this 
arrangement in which the devices are 
balanced about earth, etc. may be 
arranged, but the chief advantage is that 
the modification is varied entirely by 
25 altering tappings along a transformer or 
choke, and that no great power loss is 
involved. : 

This arrangement of ai choke : dr . trans- 
former is well suited to working, a', number 
30 of loud speakers for binaural' reproduc- 
tion. In this case, the two outputs from 
power vxilves are fitted to a choke along 
which the loud speakers are tapped. The 
position of the loud speaker tappin^ps can 
35 be adjusted to suit their relative positions, 
and it can be arranfred that the valves are 
working into their best impedances. 
Transformers may be used to ensure the 
speakers taking their correct fraction of 
4Q th e ou tput. 

While, in connection with the above 
described systems, it is suggested that 
when it 'is desired ' tb record the sounds * 
for subsequent reproduction this may be 
45 done upon a film, the invention is not 
limited to that medium since the record- 
inff may if desired be effected on discs or 
. oylinders of suitable material. In carry- 
ing out the invention in this manner the 



amount of crdss-talk in this case does not 
matter, or can be allowed for. Further- 
more,_ the records now proposed are dis- 70 
tinguished from those previously known 
in that both channels may separately be 
recorded in one groove by a single record- 
ing tool (either of moving iron or mov- 
ing coil type) and be reprodxiced there- 7& 
from by a single reproducing device or 
pick-up. 

If the two channels being recorded are 
directly picked up from two micro- 
phones, or are intended to work unmodi- 
fied into two speakers, that is with intensi- 
ties and qualities similar, it is preferred 
not to cut one track as lateral cut and the 
other as hill and dale, but to cut them as 
two tracks whose movement axes lie at 
45° to the wax surface, or at some other 
convenient an^le dependent on the rela- 
tive available intensities from lateral cut 
and hill and dale respectively. If, how- 
over, the two channels recorded are such 06 
as summation and difference channels, it 
is preferred to separate them completely 
into pure' hill and dale and pure latera'l 
cut. I.e. to make the recording axes nor- 
mal and tangential to the wax surface. gr^ *' 

The result in the two above suggested 
cases ia very similar since channels 
recorded at 45^ to the wax surface give 
their sum and difference as the effective 
lateral and hill and dale amplitudes. iqq 

It will be appreciated that a record, 
cut as a combined hill and dale and 
lateral, may be reproduced if desired as 
two skew direction cuts, the basic 
principle beinff that the Moove has ampli- 
tude in any^ direction in Qie plane at right 
angles to tKe direction of wax movement, 
and the recording and reproducing direc- 
tions may be chosen as any pair of axes 
lines, not necessarily at right angles in i^q 
this plane. 

It would appear that for such a record, 
a material other than that now used for 
lateral cut records, would be desirable. 



£Q two channels may if desired be recorded and a material of the nature of cellulose x^tr 
in separate grooves but it is preferred that acetate is indicated. 

-they be recorded in the same groove hav- ^— ^- - ^ ^ - - . - 

ing a hill and dale and also a lateral cut 
movement. For the purposes of television 



B5 previous proposals have been made 
. whereby a wax disc, has a sound record as 
hill and dale cut and a picture 'record 



60 



a 

as ^ . _ _ 

bottom of the hill and dale groove, or vice 
versa. Such records appear unsuited^ for 
separate and distinct sound recordmgs 
since undoubtedly considerable cross-talk 
between the two 'recordings would occur. 
They can however be used for two 



The track section is preferably adapted 
to work with a sapphire and have a suffi- 
ciently fine angle to give lateral as well 
as vertical control to the sapphire. aoq 

3?he recorder T^erebjr jb^^ channels..- 
may be cut by a "single tool on the same 



a laterally cut V-shaped groove at the Moove may take various forms, the under- 

lying feature being that a light stylus is 
pulled in two directions at right angles to 
one another and each preferably at 45*^ " • 
to the wax surface. 

In one such form the recorder mav con- 
sist in a short circular reed mounted close 



.65 channels of the kind contemplated in the above and parallel with the wax track. 



13S 



394,325 



70 



73 



15 



] 



One end of this reed may be firmly fixed 
in the one pole of an electromagnet which 
would ijasa back over it and complete the 
ma^etic circuit in two laminated arms 
S extending? doTrn towards the other free 
end of the reed. These arms form two 
pole55 adjacent to a square portion of the 
Teed at its free end, each pole hein^ 
«A ^^^P^ed to pull the reed in a direction al 
lu 4o° to the wax surface. The reed may 
be suitably damped, e.f?. with rubber, and 
have a resonant frequency at the top of. 
or above, the working* ran^je. The free 
end of the reed carries the sapphire. The 
15 two pole pieces may be wound with 
speech coils, and the energisation of one 
of these would move the sapphire in an 
upward direction at 45^. to the wax sur- 
face.. Any reduction in the pull of nno 
^20 pole due to the increased flux of tbv» 
other, may be compensated by additional 
windings on one pole connected in series 
. with those on the other. Thus ener^is- 
in<r any Tvihding will produce the required 
25 movement: at 45^ to the wax surface, the 
' . characteristic being equalised. 

An alternative moving coil design 
employing', electromagnetic- damping may 
consist of a movipg member in tlie\shape 
S 30 of a T- The lower afm.of the T. extends 
j towards the wax: 'and carries, the sdipphire ; 
'« the horizontal meiaber of the T is at right 
angles to the direction of wax movement, 
and carries at its ends two wound mov- 
ing coils. These moving coils whose axes 
are vertical move in suitable annular field- 
. . gaps. The movement may be supported 
at approximately the centre of Ihe T by 
elastic means, which permit of both rota- 
40 tional and vertical movement within the 
plane of the T- Adjustments may be 
provided to make the resonant frequency 
of ■ these ' two movements* similar^ -The 
characteristic correction for each coil 
45 drive may be similar to those used for the 
, moving coil sound recorder described in 
the specification of British Patent No. 
350,998. 

Energisation of one coil both rotates 
and translates the T naember giving an 
inclined cutting direction. By suitably 
proportioning the length of the vertical 
member of the T this axis can be placed 
where desired, and further can. also be 
55 controlled by interconnecting portions of 
the coil windings. 

'"In ail the devices described-^abovfe, the 
angles of the axes can be altered^ by suit- 
ably connecting the speech windings ; for 
instance, axes which are normally inclined 
at 45° to the wax surface can be converted 
into pure hill and dale and lateral cut 
axes by. arranging that the speech wind- 
ings are in series aiding for one channel 
65 and opposing for the other channel. In 



like manner any axis conversion can be 
effected by suitably cSfixbining the 
channels through transformers. 

In designing an electric pick-up to 
reproduce both- channels c^re mxist be 7Q 
taken that the inertia is kept as low as 
possible, and with this in mind a very 
light replica of the above described mov- 
ing iron recorder may be employed. 
Alternatively, a moving system in the 75 
form of a T following the" lines of the 
moving coil recorder suggested above, 
may be employed; moving coils may be 
used for such a pick-up or the coils 
replaced by air gaps of an iron system. gO 
Since the fundamental resonant frequency 
of a pick-up appears to be of no critical 
importance as regards its characteristic, 
it may not be necessary to adjust the 
resonant frequency in the two modes to 
the_saxae value, which would simplify 
the design. Adjustments for sensitivity 
in the two modes could be made by suit- 
ably connecting coils wound on the two 
bmbs of the magnetic circuits. 

The hereindescribed acoustic system 
while being especially applicable to talk- 
ing pictures is not limited* to such use. 
It may be employed in recording sound »• 
quite independently of any picture effects 
and in this connection (as well as when 
used in cinematograph work) it seems 
probable that the binaural effect intro- 
duced will be found to improve the 
acoustic nroperties of rernrrl 

- " - « xuu 



and to save any drastic acoustic treat- 
ment thereof while providing much more 
realistic and satisfactory reproduction. 
Furthermore, the system may clearly be 
employed when the microphone outputs m 
axe led directly to the loud speakers 
instead first of being recorded, and such 
an arrangement may for* etlimijle be 
employed in public address systems in 
which directional sound effects are desired 
In general the invention is applicable in 
ail cases where it is desired to give direc- 
tional effects to emitted sound. Also in 
all cases, both when the impulses are fed 
directly to the loud speakers and when 
they are recorded for subsequent reproduc- ^ 
tion the total modification and/ or inter- 
action of the channels may be accom- 
plished m more than one stage. For 
example, using pressure microphones, the 4 on 
low frequency phase differences may be 
amplifiedv-the mediiim fi*eqxiency phase '' 
differences converted to amplitude differ- 
ences, and the high frequency amplitude 
diffei^nces augmented in a first stage of .0- 
modification; the low frequencv pha^^e ^ 
differences may then be converted to 
amplitude differences in a later sta^e of 
modification. One or Iboth of these sta<^es 
may occur either before or after the l-^O 
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sound lia9 been recorded. In t^ig manner 
^ tte very small low frequency phase .differ- 
ences are augmented before • they are 
amplified^ so avoiding troubles Sue to 
5 small low frequency- phase shifts in 
" amplifiers. 

Moreover, the various devices employed 
for carrying the invention into effect must 
be understood not to be liinited to their 
10 use with the other devices also lierein- 
described since clearly many parts, such, 
for example, as the dual track record pre- 
pared by a single cutter, and the multi- 
strip direction-detecting microphone, are 
*13 clearly of wide use sej^arately of one 



another. Such uses fall within the scope 
of this iiivention- • 

It niust finally be understood that the 
invention is not restrict^id solely to the 
details of arrangements of the forms of SC^ 
the invention described above since 
yariOTs modifications may be introduced 
in order to cai*ry the invention into effect 
under different conditions and require- 
ments which have to be fulfilled without 25 
departing in any way from the scope 
covered thereby. 

Dated this 14th day of December 19-31. 

MARKS & CLEHK. 



COMPLETE SPECIFICATION. 

Improvements in and relating to Sound-transmission, Sound- 
recording and Sound-reproducing Systems. 



We, Ai«iN DowEU BLtTMLEiK, of 57, 
Earl's Court Square, London, S.W. 5, a 

?0 British subject, and Electric and- 

. . ^. Musical Ikdustuies, Limited, of Blyth 
:Road,-. Hayes, in the County of Middlesex, 

v.. iG-.a-i. company registered under the laws of 
.r;.. iri Great Britain, do hereby declare the 

V35. nature of this invention and in what 
manner the same is to toe performed, to 
be particularly described and ascertained- 
in and by the followinjj statement : — 

This invention relat-es to th& 'trans- 
mission, recording and reproduction of 
sound and is more particularly directed to 
systems for recording and reproducing 
speech, music and other sound effects. It 
is applicable in particular, tdthough not 

^ exclusively, to systems associated with 
picture effects as in talking motion 
pictures.^^ . . 

The'funSainental object of the inven- 
tion is to provide a sound recording, re- 

^0 producing and/or transmission system 
whereby there is conveyed to the listener- 
a realistic impression that th^ intelligence 
is being communicated to him over two 
acoustic paths in the same manner as he 

S5 experiences in listening to everyday- 
acoustic intercourse and this object em- 
braces also the idea of conveying to the 
listener a true directional impression and 
thus,^ in the^ case in which the sound is 

•60 associated with picture effects improvinfc 
;;ithe illusion that the sound is coming,..and 
is only coming, from the artist or other 
sound source presented to the eye. 

The invention is not, however, limited 

€5. to use in connection with picture effects, 
but may, for example, be used for im- 
proving the qualities of public address, 
telephone or radio transmission systems, 
or for improving the quality of sound 

70 recordings. When recording' music con'--* 



sidersdbie trouble is experienced with the 
unjjleasant effects produced by echoes 
which in the normal way would not be 
noticed by anyone listeniaig in the room 
in which the performance is taking place. 
An observer in the room is listenTing * with 
two ears, so that^ echoes 'reach Min with 
the directional significanfeo ' which he 
associates with the music perfbrmed in 
such a room. He therefore discounts these 
echoes and psychologically focuses his 
attention on the source of sound. When 
the imiaic is reproduced throTi"»h a single 
channel the ec£oes arrive from the same 
direction as the direct sound so that con- 
fusion results. • It is a subsidiary object of 
this invention ^o to give directlfonal 
significance to the sounds that when re- 
produced the echoes are perceived as such. 

In order that the physical basis ..of th6 
invention can be appreciated ' and tho 
stages of its development understood, 
faiown and established facts concerning 
the physical relations between • sound 
sources, sound waves emitted thereby, and 
the human ears will be briefly sum^ ' 
marised. 

Human ability to determine the direc- 
tion from which sound arrives is due to 
binaural hearing, the brain being- able to 
detect differences between sounds, refieived 
by the two ears from the same source and 
thus to determine ang\ilar directions from 
.which various sounds- arrivef This dP unc- 
tion is well known and has been employed 
to considerable extent for exam^ue in 
subaqueous directional detection in which 
two microphones are connected by head- 
phones, one to each ear of an dbserver, 
the two channels between the microphones 
and the two ears being kept entirely 
separate. 

With two microphones correctly spaced 
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and the two channels kept entiroly 
separate e.g. by ixaing headphones it is 
Known that this dii*ectional eftect can also 
be obtained for example in a studio. If, 
B however, the channels are not kept 
separate (as, for example is the case in 
previously proposed arrangements for 
recording and/or reproducing soimd, in 
which sounds picked up by a plurality of 
10 pressure microphones are led to loud 
speakers which take the place of the head- 
phones) the effect is almost entirely lost 
and such systems have therefore not come 
into common use since they are quite un- 
15 satisfactory for the pui-pose. The present 
invention contemplates controlling the 
smmd, emitted for example by such loud 
speakers, in such a way that the diiec- 
tional effect wiE be retained, 
20 . The operation of the ears in determin- 
ing, the direction of a sound source is 
not. yet fully known but it is fairly well 
established thai the main factors having 
effect are phase differences and intensity 
25 differencea betSveen the sounds reaching 
thfr tivo ears, the influence which each of 
thesQ; has depending upon the frequency of 
the aibunds emitted, For low frequency 
- sound wayea tKere is little or no difference 
.30 in intensity at the two ears but there is a 
^marked phase difference. For a given 
bibliquity of sound the phase difference is 
* approximately proportional to frequency, 
representing a fixed time delay between 
35 sound arriving at the two ears, by noting 
which the brain decides the direction from 
which the sound arrives. This operatiou 
holds for all frequencies up to that at 
which there ia a phase difference of jt 
40 radians or more between sounds arriving 
at the two ears from a source located on 
the line joining them ; but above such a 
frequency if phase difference were the sole 
..^feature relied upon for directional loca-« 
45 tion there would be ambiguity in the 
apparent position of the source. At that 
stage however the head begins to become 
effective as a Baffle and causes noticeable 
intensity differences (between the sounds 
50 reaching the two eajs, and it is by noting 
such intensity differences that the brain 
determines direction of sounds at higher 
frequencies. It has been stated that the 
frequency at which the brain changes over 
55 from phase- to intensity-discrimination 
occurs at about 700 c.p.s. but it must be 
understood that this may vary within 
quite ' wide- limits— in- different --xiiTcum- 
stances and from person to person, and 
50 tbat in any^ case the transference is not 
sudden or discontinuous but there is con- 
siderable overlap of the two phenomena 
so that over a considerable frequency 
ranfre differences of both phase and in- 
"5 tensity will to some extent have an effect 



in determining the sens$ of direction 
experienced. 

From the above considerationa it will (be 
clear that a dii^ectional effect is to be 
obtained by providing impressions at the 70 
two eai*s of low frequency phase differences 
aisd high frequency intensity differences^ 
and it would appear that in reproducing 
from two loud speakers the differences 
received 15y two microphones suitably 75 
spaced to represent human ears would give 
this eft*ect to a listener if each microphone 
were connected only to one loud speaker. 
It can be shown however that phase 
differences necessary at the ears for low go 
fre quency directional sensation are not 
produced solely by phase difierences at 
two loud speakers (both of which com- 
municate with both ears) but that 
intensity differences at the speakers are 85 
necessary to give an effect of phase 
difference: while initial intensity 
differences from' the sources necessary for 
high frequencies are not sufficiently 
marked when the sounds reach the ears, qq 
and to produce suitable effects therefore 
the initial intensity differences must be 
amplified. It is for Biis reason that the 
aforementionejd metheds previously pro- 
posed (wherein only pressure microphones ge. 
were used) are' not successful in achieving 
the. desired effect, these necessary altera- 
tions not having been understood or in 
any way attained in those prior arrange^ 
.menta. ^^q^ 

It will be seen therefore that the inven- 
tion consists broadly in so controlling the 
intensities of sound to be, or Biging, 
emitted by a plurality of loud speakers or 
similar sound sources, in suitable spaced ^05 
relationship to the listener, that the 
listener's eai*s will note low frequency 
phase differences and high frequency in- 
-utensity dift^erences suitable- for conveying 
to the brain a desired sense of direction j^jq 
of the sound origin. In other words the 
direction from which the sound arrives at 
the inicrophones determines the charac- 
teristics (more especially, as will Ibecome 
apparent hereafter, the intensities) of the j-^ 
sounds emitted by the loud speakers in 
such a way as to proviHe this directional 
sensation. 

It must be understood that the manual 
control by an observer of intensities of a £go 
plurality of loud speakers spiaced round a 
motion picture screen has previously been 
proposed but this •method suffers cons^ider- -'^ 
ably from the defects- indicated above, and 
in any case is very difficult and incon- jogj 
yenient to operate. J^o novelty for mere 
intensity control per se is however 
claimed, except insofar as the natiu^e of 
the control is such as to provide the 
necessary relative phase and intensity i3Q 
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difference sensations. 

If in accordance with tke invention the 
sound is first recorded and snbaequently 
reproduced from tlie records, the control 
5 may be wholly effected either during the 
recording or during reproduction, or may 
be partially carried out in each stage. It 
must be ujQ.der3tood that whereyer 
*|iroughout this specification the words 
" sound transmission are employed 
(more especially in the claims specified 
(below), they cover (unless the contexis 
-otherwise requires) not only the case in 
which impulses pass directly from the 
15 microphones to the loud speakers, but also 
those arrangements embodying an inter- 
mediate process or system of recording ; 
and in the latter cases the said words 
?PPly to either, or both, the passage of 
impulses from the microphones to the 
recording system, and from the reproducer 
to the loud speakers. 

More specifically the inTention consists 
in a system of sound transmission wherein 
25 the sound is picked up by a plurality of 
microphone elements and reproduced by a 
plurality of loud speakers, . comprising two 
or more directionally sensitive micro- 
phones and/or an arrangement bf elements 
30 ia the transmission circuit or circuts 
whereby the relative loudness of the loud 
speakers is made dependent upon the 
direction from which the sounds arrive at 
the microphones- 
35 'Jhe invention also consists in a system 
of sound transmission wherein the sound 
13 received by two or jiiOre microphones, 
wherein at low frequencies difference in 
the phase of sound pressure at the micro- 
*0 phone is reproduced as difference in 
volume at the loud speaker^. 

The invention further consists in a 
system of sound transmission in which the 
original sound is detected by two' <5fr liibre 
*5 microphones of a type such as velocity 
microphones whose sensitivity varies 
with the direction of incident sound, and 
in which the dependence of the relative 
responses of the microphones to the direc- 
50 tion of an incident sound wave is used 
to control the relative volumes of sound 
emitted by two or more loud speakers. 

The invention also consists in a system 
of sound transmission wherein impulses 
from two microphones transmitted over 
individual channels are adapted to inter- 
act whereby iy^o .^seta. of .„ impulses are 
fuirther transmittWd consisting in half the 
difference respectively 
60 of the original impulses, said impulses 
beinff thereafter modified to control the 
relative loudness of loud speakers whereby 
the sound is to Sbe reproduced, 
gg • The invention also consists in a system 
of sound transmission wherein the sound 



is picked up by two directionally sensitive 
microphones which are so spaced and/or 
with their axes of maximum sensitivity so 
directed relative fo one another and to 
the sound source, that the relative loud- 
ness of loudspeakers which reproduce the 
impulses 18 controlled by the direction 
from which the sound reaches the micro- 
phones. 

The invention also consists in a system 7** 
as set forth above wherein two sets of im- 
pulses are mechanically recorded in the 
same groove. 

The invention also consists in a system 
as set forth above wherein the impulses are A.' 
transmitted by -^adio telephony. 

The invention also consists in a system 
as set forth above in combination with 
means for the photographic recording or 
transmission and/or reproduction of 
pictures. 

The word channel, as employed herein, 
means an electric circuit carryino- a 
current having a definite form dependinn- 
upon the original sounds in the studio. 00 
Thus t^vo channels may be different not 
only because the average intensities or 
types of current in them differ hut also 
because they originate from two micn->- : 
phones in different positions in lie studio. . ^ji- 
The nature of the invention will (become ^'^ • 
apparent from the following description ' 
of various methods and modes of carrying 
it into effect but it must be understood 
that the different forms described are i09 
given merely bv 

not impose any restrictions upon the scope 
of the invention or the manner and means 
whereby it may be accomplished. 

The description will be more readily lOr? 
iindCTstood by reference to the accompanT- 
insr drawings, wherein 

Pigtire 1 represents diagrammatically 
the assembly of one system according to ' 
the invention ; 5 j f> 

Figure 2 represents a microphonic 
arranprement for use according to one form 
of the invention ' 



Eigure 3 represents a transformer 
arrangement employed in one form of the 1J:» 
invention : and 

^ Figure 4 shows a symbolic repr<»sentn- 
tion of the arrangement shown in Figure 
3. 

Figures 6, 6 and T represent various 120 
nrcuit arran<rements applicable to various 

forms of- the invention while 

Fiffures 8. 9, 10 and 11 represent 
different forms- of sound recorders which 
mav be employed. 

It^ will fbe clear that the invention is *^ 
narticularly nnxDlicable to talHufir motion 
piotures nnd the following description 
will therefore be «nven with reference to 
this application. In one form of the in- 
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yention convenient for this purpose shown 
in 3?igm'6 1 the sounds to be recorded and 
reproduced with the pictiu'es may ve 
received from a source a by two pressure 
microphones ai, 02 mounted on opposite 
•sides of a block of wood or baffle 6 which 
serves to provide the high frequency 
intensity differences at the microphones in 
the same way as the human head operates 
upon the ears as indicated above. The 
outputs from the two microphones are 
after separate amplification by separate 
similar amplifiers bi, bz taken to suitalbly 
arrange circuits c comprising transformers 
or bridge or network circuits which con- 
vert the two primary channels into two 
secondary channels which may be called 
the summation and difference channels. 
These are arranged so that the current 
flowing into the summation channel will 
represent half the sum, or the mean, of 
the currents flowing in the two original 
channels, while the current flowing into 
the difference channel will represent half 
'25- difference of the currents in the 

" /. original channels. 

V? V One convenient transformer arrange- 
V^7%ment for this purpose is shown in Figure 
. j 3 wherein input. xurrents from amplifiers 
30 ^11. &a are .separately fed each to two 
^ primary^ mndingi?,. one^ on each of t^^-^o 
transformers, the secondary winding of 
each transformer 'providing a " sum or 
" difference'*, output current on account 
of the senses in which the primary coils 
are wound as shown. A diagrammatic 
renresehtatroTi nf a 

arrangement (which may consist of a 
transformer similar to that of Figure 3 or 
any other suitable arrangement of circuit 
elements) is shown in Figure 4. 

In accordance with the form of the in- 
vention being described the two outputs 
from the sum and difference arrangement 
are modified in order to obtain subse- 
quentl;?- the desired sound effects and one 
convenient circuit arrangement for effect- 
ing this is shown in Figure 5 which re- 
presents the portion of the circuits 
indicated by c in Fiffure 1. Assuming 
the original currents differ in phase only, 
the current in the difference channel will 

be different in phase from the current 
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in the summation channel. This 
difference current is passed through two 
resistances d and e in series between which 
a condenser / forms /.a shunt ami; -The 
voltage across this condenser / will be in 
phase with that in the summation 
channel. By passin^r the current in the 
summation channel through a plain resis- 
tive attenuator network composed of serie-s 
resistances h and a shunt resistance u 
a voltage is obtained which remains in 
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phase with the voltage across the con- 
denser / in the difference channel. These 
two voltages are then combined and re- 
separated by a sum and difference process 
such as previously adopted so as to pro- 
duce two final channels. The voltage in 
the fixst final channel wiU^be the sum of 
these voltages and the voltage in the 
second fijial channel will be the difference 
between these voltages. Since these 
voltages were in phase the two final 
channels will be in phase Ibut will differ 
in magnitude. By choosing* the valueof the 
shunt resistance tin the summation channel 
and the shunt condenser / in the difference 
channel for given frequency, 

any degree of amplitude difference in the 
final channels can be obtained for a given 
phase difference in the original channels. 
For the low frequencies it can be shown 
that the^ phase difference between the 
waves will, for a given obliquity of the 
sound source, vary proportionately with 
frequency, being very small for a very low 
frequency. Thus for a given obliquity 
of the sound the current in the difference 
channel will be increasingly great com- 
pared with that in the summation channel, 
the higher the frequency. Hence the use ■ 
of a shunt condenser / in the differeiice 
circuit will have the effect of proincihg;^ - 
fijced intensity difference in the final 
channels for a given obliquity at all low 
frequencies. 

For the higher frequencies as indicated 
above it is not necessary to convert phase j^qq 
s^ixiS into iiiiipi.ilua-e ainerences, but 
simply to reproduce amplitude differences. 
The shunt condenser / in the difference 
circuit is therefore (built out with a resist- 
ance 7c whose value is s\ibstantially equal jor 
to that of resistance ' 

In building this circuit the capacity of 
the condenser / is of. such* value that its 
impedance is small compared with that of 
the series resistances d and c over the 
whole working range, while the value of 
resistance k is such that it equals the 
reactance of the condenser at approxi- 
mately the frequency above which it is 
desired not to convert phase differences j*k 
into amplitude differences. The vahie of 7c 
is in general ec^ual to that of i, in which 
case the amplitude differences for high 
frequencies are passed on without modi- 
fication. . ♦jg- 

It may be found necessary to employ 
-more- complex -circuits than the shunt'-" 
re.t!istance k and condenser / in the - 
difference circuit and shunt resistance 
in the summation circuit, which however 
form the basic arrangement. However 
it must be understood that the circuits 
employed may be considerably modified as 
ref^uired without departing from the scope 
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ot the inTentLon* 

The outputs from the modifying circuit 
c (Figure 1) are passed to amplifiers cZi, 
and tlieuce to loud speakers ei^e^ suit- 
5 ably disposed on each side of a picture 
screen. It is to be understood that Pigure 
1 .merely traces the passage of intelli^- 
gence from the source a to a recipient and 
na recording or reproducing system has 

10 been shown. Such may however be in-, 
serted anywhere along the electrical cir- 
cuit such for example as /between 
amplifiers 6j, 6« and modifying assembly 
c, or between assembly o and amplifiers 

15 d,, d.,. 

In the latter case the impxilses trans- 
mitted through the two channels as in- 
dicated above may for example be 
recorded on two sound tracks on a film 
any suitable or known means, each of 
which i-ecords may comprise either a 
sound track of constant density and vai'i- 
able width (e.g. an oscillograph record), 
or a sound track of constant width £uid 

25 variable density (e.g. a light valvereeord). 
Alternatively both records may bo made 
on a single track comprising a combina- 
tion of the variable width and variable 
density forms of recording. 

^0" Such a record may be reproduced by 

. * passing light from the same slit through . 

^/ the two tracks, separating the beam into 
the two recor3 portions by means of 
prisms or like optical meaas and employ- 

gg ing the outputs from two photo-electric 
cells, excited by these separate parts of 
thft nftfLTn (after amplification) to operate 
two loud speakers disposed one on each 
side of the screen upon which the cine- 

^0 matograph pictures are projected. 

From the above description it will be 
clear that obliquity of the direction of 
sound wave propagation relative to the 

r..v,; microphones a,, will produce, differences 

4.5 of intensity at the loud speakers so as to 
give an iropression to an observer of 
oblique sound incidence. 

If two very small microphones are used 
and placed very close together it may be 

5Q found possible to obtain microphone out- 
puts which do not differ appreciably in 
amplitude but| only tn phase for all 
working frequencies. In this case the 
modifying circuit may be arranged to 

55 convert phase differences into amplitude 
differences throughout the entire fre- 
quency range. The phase differences 
•"dealt- with atr-tie low- frequencies iowever ■ 
raay be ao small that in this case slight 
differences in the two microphone circuits 
would have very large effects. On this 
account microphone spacing of the same 
order aa that of the human ears is most 
suitable. 

65 It will be appreciates that the amount 



of modification necessary to^ the impulses 
traAsmitted through the summation and I 
difference channels indicated above \ 
dependa upon a number of factors, includ- 
ing the relative spacing of the micro- 70 
phones and of the loud speakers, and the 
size and positioning of the screen. It can 
be shown that for low frequencies m tfi.e 
degree of modification required in the 
(iifference channel as compared with the 75 
modification in the summation channel ia 
given by 

^ _ 2tj u 5 

where 

'y = velocity of sound. 80 
2/ = fraction of half picture film width 
which thQ image of the sound 
soiirce is off centre, 
angle of olbliquity, in radians, of 
the source from the<jiaedian plan© S5 
- between the microphones, 
ineffective distance apart of the 

microphones. 
5= width of screen of theatre, 
a.' = distance apart of loud speakeis DO 

in theatre. 
This expression in effect gives the im- 
pedance of the shunt capacity / in the 
difference channel in terms of the resist- 
ance i in the suxamation channel. It 9l> 
holds for all freqtienoies where k is small 
compared to the wavelength, and is based 
on the assumption that the 9 is small and 
that iv and « are si^all ccmparcd with th» 
distance of the listener from tike screen ^00 
and loud speakers. 

The portion^ is a factor of the record- 

iug, and is constant for a given arrange- 
ment if either the camera is in line with 
.the .microphones and-^ the centre of the 
picture, or the action does not move appre- 
ciably to or from the microphones and 
camera. When recording, the relative 
distances of camera and mici'ophonea 
and the focal length of the lens may be 
adjusted to maintain this factor a con- 
stant. 

The expression — is a constant for the 
X 

theatre. As regards low frequencies only, 
the distance apart of the speakers need 11^* 
not exceed the screen width, but should 
certainly not fee closer iJtan TOpercent.of 
the screen *wiHili. TKe clbs^ th^-'lbtia^"'^"'"'^"'" * 
speakers the greater the necessary power 
handling capacity, but the less the 120 
troubles introduced by formation of 
stationary waves. 

For the high frequencies no definite 
expression can easily be obtained, and the 
modification, if any, used wiU prdbably 11^ : 
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iave to be gauged empirically by trial 
and error. 

The-argTunents and formula given above 
are based on a direct wave analysis and 
may Jiave .to be considerably modified m 
OiaJer to allow for reflection of otJier 
acoustic effects. It is. preferred therefore 
to mtrodxice the modifications it is proposed 
to employ, at the theatre since all factors 
will tlien enter mto consideration. It will 
be clear that, as indicated above, the 
modifying networks and channel an^ange- 
mejits may be employed between the 
nucrophones and the film during reeord- 
ing or ibetween the record and the loud 
speakers during: reproduction, and the 
latter course, in addition to allowing of 
adjustment of the arrangements to suit 
the particular theatre as indicated above, 
hasth^additionaladTanlage that the eoun<i 
him can 1>6 reproduced by a single repro- 
ducing ^head or channel if, for example, 
one of ;11ie dual .arrangements breaks down 
"i^.*l^eatre which, having one installa- 
tion, does jiot wish to .go to the expense of 
mstaXUng a second apparatus. 

Jjyy^der to employ succes-sfully a 
systemtbf the kind described above it is 
neeessa^ to carry out preliminary experi- 
ments .to determine the most suitable 
.value of modification to be employed for 
.«ach recording, and it is also necessary 
to^tandai-diae various factors enterimr 
into every xecording. In the preliminar? 
experiments, before recording, volume in- 
dicator measurements may be made with 
a standard -sound scurcs placeil at the 
extremes of the " set i.e. the space 
witbiji wliich recording is to Ibe effected., 
and from these the proposed modifyin<i 
network laid out. A further experimeirt 
may also be effected to standardi,% phase 
angles on the film. At the theatre a 
suiipie ..adjustment may be provided to 
check and balance the input to the two 
.channels, a length of test film being used 
this purpose. It will thus be seen that 
the total theatre equipment necessary is 
very simple and consists in a transmission 
modiher (comprising two or four trans- 
tormers, for example, artificial line 
resistanceaand the control network, which 
majr be no more than a condenser and a 
resistance) and two normal sound-repro- 
ducing heads or pick-ups, or one specially 
designed head or pick-up adapted to 
separate the two recordings to two com- 
plete Teproducing-chamaelsT "There is no 
reason why the second ehannel used 
should not be the " stand-by " channel 
now often installed for safety since if. 
as indicated above, one of the channels 
brealffi down reproduction may be con- 
^ned without serious consequeioes on the 
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. In connection with the standardisation 
indicated above, while the fljinaunS 
transfer • frequency (from phase- to 
xatensity-dis^imination) need have no 
definite significance in recording, since it 
IS a Wtion of the human .brain, it is 
nevertheless necessary to fix a change-over 
^equenoy f«>m high^ to low-f re|uency 
working for recording, sinco thii f,^. 
Suency .fixes the values of the elements 
^n^Z ^'^'^ ttus the form of 

moification to be used the distance apart 
Of the mjca-ophones and the form of bafiie 
between them. Any convenient frequency 
may .be chosen as standard after 
experifiiice has decided which is most auit- 
.able. Instead of standardising it may be 

T'luow^""? Preliminary^perimen?3 
to aUow. electrically for variation of 
microphone .positions and/or of mici-o- 
phone spacing (although the latter would 
be .exteemely difficult) and it must he 
understoSa that , this arrangement faUs 
wi hui ^e scope of the invfnS. 

ihe above analysis is based upon con- 
siderations which take no account of 
'^^^'^^'^^^ or interference during 
.reproduction The rejlected sound wav°1 
which arise during, r^ebrdihg WiU be re! 
produced.with a directidnal slnsfe and will 
sound more natural thiin they Would with 
a non-directiona reproduti^ system I? 
difficulties arise in reproductton they mav 
be overcome by employing a second pair of 
loud spe,^ers differently spaced and hav- 
thf « J'?-^""* niodifyiHg network from 

bf used wTtV ^ '^^^^^^^ 

£L^^tSfc'^^'^^^^*'^^^°-P-^^^^^ 105 
AilLt}^^^ last, arrangement the sense of 
wm oX-1 m^^^^X. 5.oun.d ,.soui-ce 
f?,n^*^ conveyed to a listener for 
the full frequency range for positions 4 
.W between the loud speakers ; but if It "° 
fh^^^nA *° '°°T"y impression th^J 
bevo^r tlf ^""^^^ *° a position 

S ^P?.'^ between the loud 

speaker-s the modifying networks mar be 
Arranged to reverse the%hase of that foul 

de! iT/^"'°*^ ^^^"^ source IS 

debiied to appear, and this will suffice to 
convey the desired in.pression forX Imv 
frequency sounds With this arrang^ 
ment of loud speakers close together, hoZ 

SiSr* iir"-'^ fee possiblf to-e^ect a 

freqtniir"'' ^ <=°«^^tion with high 
-The system so far described emploTs to 
receive the sound waves twJ^To£ ^ 
directional microphones, e.g. pressure 
microphones. Directionally" sStivl^ 

^sm^frf ^ employed spacJd 

a small distance apart, the outputs being 130 
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modified as indicated so that the relative 
outputs of the loud speakers, are controlled 
both by differences in phase and differ- 
ences in magnitude of the microphone 
g outputs. Such directionally sensitive 
microphones may be, but are not 
necessarily, oi the type known as velocity 
microphones, and preferably provided 
with movable conductor elements so light 
10 ^9 to move substantially as the surround- 
ing air. 

Velocity or moving conductor mici'o- 
phones (e.g. moving strip microphones) 
are very suitable for any system accord* 

15 ing to the invention an.d in addition to 
use with circuit arrangements described 
alboye : they xaay also be employed with 
various alterations in th^ circuits. These 
microphones give a response varying as 

2Q the cosine of the angle of incidence of the 
sound relative to the direction of normal 



or opt^^ incidence and U..y t^ereio^^ oZZnoklrZnTZX^^^^^^ 
have the advantae-a that a n.AT-tftin rlfto-T-ao +^ +1.^ j,v««4-c . ^ - J*V 



this form of the invention is shown in 
Figui-e 6. This is substantially identical 
with that shown in Figiire 5 except thai 
the shunt condenser / and resistance k in 
series, and the shunt resistance i are re- 
placed by shunt resistances I m which 
are preferably variable as shown. These 
lines therefore form artificial attenuators 
and by altering their relative attenuation 
the intensity differences in the two lines 
corresponding to .a given oblijbuifty of 
sound is controlled. 

(2) Two velocity microphones or micro- 
phone elements, may be placed with their 
axes perpendicular to one another and 
each axis at 45° to the direction of the 
centre of tlie screen. This arrangement 
IS represented diagrammatically in Figure 
2 wherein 71 and o represent two velocity, 
or directionally sensitive microphones one 
above the other arranged perpendicular to 



have the advantage that a certain degree 
of loud speaker output separation may 
25 obtained without phase-con version or 
like network modifications. 

Three general arrangements employing 
velocity microphones are possible, and in 
all cases the microphones are placed a^ 
3Q near, together as^^^^^ of being 

spaced as axtificm^ at} in the case of 

pressure microphones. 

(1) Two velocity microphones are placed 
one with its axis of maximum response 
35 directly, facing in the direction 6i the 
centre of the scene, and the other with its 
axis at riglit aatfles xo that direction. 
Both moving strips are in line, \ni 
arranged so that this line is vertical, 
V/tereas the sound source moves in a hoW- 
zontal plane. A performer speaking 
from the middle of the scene will affect 
only the face-on microphone, but if he 
" ' moveS^'to' one side' both'^-miCrophones will 
45 provide outputs, while if he moves the 
other way similar outputs are provided 
but the phase of the edge-on microphone 
is reversed. Since the microphones are 
close together no phase differences are 
5Q esperienced between them and if their 
output* are summed and differenced after 
a suitable amount of relative amplification 
the two final channels differ in map^nitude 
in the correct manner for operating the 
55 loud speakers to give the desired direc- 
tional, effect. Such sum and difference 
arrangement differs , from J:he modifying 
netwoiFk^ employe'd^' with presstiie micrb^"' 
phones in that the pressure type provide 
gQ phase differences (whereby direction is 
determined) which have to be converted, 
whereas with the velocity type the edge- 
on microphone provides an output pro- 
portional to the^ obliquity of the source. 
65 A suitable modifying arrangement for 



to the direction of the centre of the fiehl 
sound is to be received. It 
will be clear that movement of the sound 
source a laterally to a position p removed 
from the centre of the field will result in 
the sound waves striking d> at a more a6ute 
angle than they strike n and differences 
m the microphone outputs will ."Tesiih. 
The microphones are sufficiently close 
together to render phase differences of the ' 
incident sound negligible and the output 
amplitudes therefore differ approximately 
proportionally to the olbliquity of the 
incident sound. Thev mav therefom K** 
ampiifled similarly, and supplied directiy 
to the loud speakers to which they wifl 
give the correct amplitude differences for 
the desired directional effect provided the * 
relationship between the various dimen- ^ 
sions of the recording and reproducing 
lay-outs are correct. If it is desired 
to accommodate aiiy drterences between 
the lay-outs " the outputs may be modi- i 
ned by networks, in the manner described, 
suitably to increase or decrease the 
differences between them. An arrange- 
ment such as shown in Eigure 6 is suit- 
able for this purpose, and such an 
arrangement may of course also be 
employed even if the lay-out is correct if 
1* is desired for any reason to control or 
modify the amplitude differences of the 
loud speaker outputs. 

(3) Two microphones may be arranged 
^I^^-^ - ^Y^^Q symmetrically ^ v. 

to the direction o^ the centre of the field 
and with an angle between them of say B 
degrees, so that sound from a performer jo 

A 

at the centre sulbtends an angle of — 

degrees to each microphone. If B is small 
a small movement of the performer to one 
side is sufficient to make one microphone 
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" edge-on " and to reduce its output to 
zero, while if 9 ig large a large movement 
of the performer is necessary to do this. 
By making $ adjustable different lay- 
5 outs may be accommodated without the 
modification indicated under (2) and it 
will be clear also that this provides a 
method of directional sound transmitting, 
recording and reproduction which avoids 
■ 10 the necessity of combining and reseparat- 
mg the two channels. 

The microphone elements in any of the 
above cases may be enclosed in a single 
casing if desired for convenience, and may 
15 also be positioned in a single magnetic 
system common to both. 

Two velocity microphones set in line 
with one another and with their axes of 
maximum response symmetically inclined 
20 to the direction of the centre line of the 
scene, may, if placed one above the other, 
be employed also to provide significance 
of vertical as well as horizontal movement 
of the spund source in a plane perpen- 
25 dicular to the axis of maximum response 
of the microphone system. Such vertical 
displacement of .the source will in this 
arrangement give phase differences to the 
outputs while lateral displacement gives 
30 amplitude ^differences, and these can be 
separated, the phase differences converted 
to intensity differencee by modifying 
networks; "as described, and the resulting 
impulses employed to operate four or 
35 more loud speakers distributed round the 
screen.. The transmission in such a 
system occupies only two channels (one 
leading from each microphone) up to a 
point in the system where each of these 
• 40 channels is divided into two parallel 
channels thug providing four channels in 
all at this point. Two channels, one from 
each parallel pair of these divided 
channels, are. connected to. one modifying 
45 network adapted to deal with phase 
differences, and the other two channels, 
one from each pair, connected to another 
modifying network adapted to augment 
intensity differences. Each modifying 
50 network operates a plurality of loud 
speakers providing a directional sensa- 
tion in one direction, and in this manner 
directional senses in two directions at 
right angles can be obtained. It will be 
55 seen that in such an arrangement the 
transmission and/or recording (which is 
the most expensive and difiS^ctdt operation 
* of the' system) may be effected over only 
two channels although directional sensa- 
60 tions in two perpendicular directions are 
subsequently obtained. A similar effect 
may be obtained with a plxirality of 
pressure microphones by employing suit- 
able modification previous to transmission. 
DO la obtaining a complete directional 



sound picture '\ i.e. both horizontal 
and vertical directional effects, the inven- 
tion is not limited solely to the use of two 
microphones. A plurality may be 
employed and their outputs suitably coU to 
lected, modified and separated to transmit 
suitable dift^erences of impulses to a 
plm-ality of loud speakers. The general 
feature is that two transmitting channels 
receiving impulses from two or more 75 
microphones for example, communicat-e 
impulses which can be modified and 
separated to provide two directional senses 
at right angles to one another, the sounds 
whereby this is done being provided bv 
a plurality of loud speakers. It will 
moreover be clear that if the sound source 
moves away from or towards the mici-o- 
phones the overall intensity of the com- 
bined loud speaker propagations will vary 85 
and thus provide indication of the position 
of the source along that axis. FuU three- 
dimensional location of the source is thus 
obtained by this arrangement. 

It will besseen that while with pressure on 
microphones it is preferred to transmit 

Sliase differences rather than amplitude 
ifferences and convert from one to the ' 
other as late as possible jprior to repro- '' v 
duction, wifh velocity microphones it' is " VS-- 
3nore convenient to tranmit the twb ' 
channel m phase but af TdifiWent' ' 
amplitudes, the only modification then 
necessary being an increase or decrease of 
the amplitude differences should the re- ino 
producing y layout differ from the 
recoruiixg ' luy-out ' ' or should more than 
two loud speaker positions be used. 

There is a simple method by which 
modifications for increase or decrease of 4nK 
differences between channels may be 
effected if no conversion of phase 
differences into amplitude differences is 
required The method is particularly uae- • - ' 
lul for the operation of more than two HO 
loud speakers, and is also useful for work- 
ing into high impedances such as the grid 
impedance of a thermionic valve. The 
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— ^ — w**w***,*vr^j.v» veuve. JLIX& 

arrangement is shown diagrammatically 
in iigure 7. If the transmission is 
effected in the form of two channels r s 
of similar phase but different amplitudes 
an alteration of these amplitude 
differences may be effected by connectino- 
one wire of each channel r and s together 120 
at * and connecting a choke u between 
the other two wii-es of the two channels 
Ther outgoing channels' v and"^ whose'''''**'' 
difference is to be a modification of the 
original difference, are connected by one 125 
wire each to the common point t of the 
original channels, and bv their othei-lwires 
^.J^^PV^^S^ along the choke If the 
differences are to be increased, the tap- 
pings at which the output channels are 133 
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coDji^cted He ouSide the tapping to 
iS^.^^^ ^""P"^:^ channels are connected, 
so that the cKoke operates in effect ag aiJ 
&nto . transformer amplifying the 
B -.difference voltages. Similarly, for a re! 
duotion of difierences, the output channels 
fJ^^f^^u'^ uitermediately between the two 
mput channels. Modifications of this 

4ft K^lf^T^^l ^ ^^^^ devices are 

iO balanced about earth, etc. may be 
wranged but the chief advantage i^ that 
me medication is varied entirely by 
altering tappmgs along a transformer or 

15 Wved '^^^ P^^^^ ^^^^ 

This arrangement of a choke or trans- 
former is well suited to working a number 
of loud speakers for binaural reproduc- 
tion. .In this case, the two outputs fi-om 
20 power valves are iitted to a choke such as 
.-w along which the loud speakers are 
tapped. The position of the loud speaker 
tappings can be adjusted to suit their 
relative positions, and it can be airanged 
25 tliat the valves are working into their best 
impedances. Transformers may Ibe used to 
-ensure th^ speakers taking their correct 
traction of the output. 

While in connection with the above 
30 described systems, it is suggested that 
when It IS desired to record the sounds 
tor subsequent reproduction this may be 
done upon a film, the invention is not 
limited to that medium since the recordiniv 
^fy may if desired be effected on discs or 
cylinders of suitable material.' In cariy- 
mg out the invention in tbi.q 
two channels may if desired be~recorded 
m separate grooves but it is preferred that 
40 they be recorded in the same groove hav- 
ing a hill and dale and -also a lateral 
cut movement. For the purposes of tele- 
vmion previous proposals have been made 
whereby a -nrax disc has a sound record 
45 as a hill and dale cut and a picture record 
as a, laterally cut V-sUaped groove at the 
bottom of the hill and dale groove, or 
vice versa. Such records appear unsuited 
tor separate and distinct sound recordings 
50 since undouBledly considerable cross-t^k 
between the two recordings -woxLld occui*. 
They can however Be used for two 
channels of the kind contemplated in the 
present invention, one being only slightly 
55 different from the other, since a certain 
amount of cross-talk in this case does not 
matter, or can be allowed for. Further- 
• - more;-' the- -records now proposed are di&^ 
tinguished from those previously known in 
60 that both channels may be recorded as 
separate cuts" in one groove and may be 
recorded by a single recording tool (either 
of moving iron or moving coil type) and 
ibe reproduced therefrom V a single 
«o reproducing device or pick-up. 



AwL^ • f channels being recorded are 
directly picked up from two microphones 
or are intended to work unmodified into 
two speakers, that is with intensities and 
qualities similar to those of the oriffinal - 
sounds received, it is preferred not tf cSt ' 
oue ti-ack as lateral cut and the othL 

tracks whose movement axes He at 45o to 
the was surface, or at some other con- - 
veuient angle dependent on the relative " 
available intensities from laferal cut and 
hiU and dale respectively. If, however" 
the two chaimels recorded are such ah 
summation and difference channels, it !s ? 
pi eieried to sepamte them completely int<. 
pure lull and dale and pure lateral cut 
I.e. to makethe recording as:es normal and 
taageatial to the was surface. 

^ a^o-^e suggested S 

cases 13 very similar since cS^nnels 
receded at 45° to the was snxfai^ £ve 
their sum jmd dUfference as the effective 
latei-al and hill and dale amplitudes 

it wiU be appreciated that a record f- 
lawn? ^ till and dale and 

latei-al may be reproduced if desired as 
two .^skew^ direction cuts, the basic 

^^.luplAtiide in any direction in the plane 
at- right angles 1«> the dii-ection of was 
movement, and the recording and rep^ 
ducmg directions may be chosen as any 
pair of ases lines, not necessarily at right 
aujrles. iM this plane. ' 

It would appear that for such a rer.ird * 
a luuieriai ottter than that now used fo^ 
lateral cut records, would Ibe desiiable 
and a material of the nature of cellulose 
acetate is indicated. wcixuwse 

The trade section is preferably adapted ^'^ 

suffiX^ft'''? " have a 

sufficiently fin^ angle to give lateral as 

^ell as vertical cbnti-ol to the sapphire 
n,n. K ^■^''f^*^ whereby both channels Hd 
may be cut by a single tool on the same 
EV?^ take various forms, the under! 

''^'i^^ ^ liffi^* stylus is 
pulled into two directions at right angles 
to one another and each preferably at 45° 
to the was surface. 

..t^l^i^- schematically a recorder 

oi this land suitable for producing records 
having comples cuts. 1 and 2 represent 
n ""^j elements of two recorders 
normally adapted for cutting lateral cut 

arms 3-and 4 about ases at right angles to 
the piano of the paper within 1 and 2 
lUe ends of these arms are connected bv «p-. 
hgamenta 5 and 6 to the end of a reed 7 
which estends backwards along an asis 
perpendicular to the paper to supports 
not shown. This reed carries a cutting 
sapphire 8. Movements of the recording i JO 
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arms 3 and 4 produce movements in the 
end of the reed 7. Thus, onrrents in move* 
ment 1 will cause the reed 7 to move 
alonjj an axis approximately 45^ to the 
6 vei-tieal rising from left to right across 
the figure. Similarly, currents in move- 
ment 2 will produce movement of the 
reed 7 in an axis at right angles to the 
former axis, while currents in tooth move- 
10 ments will of course result in vertical 
movement of the reed. 
^ Another such form of recorder shown 
m Figure 9, representing a moving iron 
recorder, may consist in a short reed 5 
'5 mounted close above and parallel with 
the wax track and carrying the cuttin*** 
sapphire 8. This reed 9 may extend back- 
wards perpendicularly to the paper to 
supports (not shown) which join the top 
20 of a laminated pole system 10 to complete 
a polarising, magnetic system therewith. 
The two laminated arms of the pole piece 
10 extend down towards the free end of 
the reed 9.-, .These arms form two poles 
25 adjacent to a , square portion of the reed 
at its free ,end, each pole being adapted 
to pull the feed in a direction at 45° to 
the wax suffaL.ce. The reed may be suit- 
- ably -damped, e.g. by a rubber line, and 
.80. have a resonant frequency at the top of, or 
above, the worlring range. The two pole 
• pieces may be wound with speech coils, 
and the energisation of one of these moves 
the sapphire in an upward direction at 
35 45° to the wax surface. TJie terminals 15 
of one channel are connected to main- 
winding 12 and compensating windinf? 11. 

^^^^±j.xiCLj.a .ivi ui me otner cnannel 
are connected to main winding 14 and 
40 compensating winding 13. Cuirent in 
either channel will pull the reed towards 
the pole carrying the main winding,* the 
purpose of the compensating winding 
being to prevent movement of the reed 
'45 away from the other pole due to the'flux 
drawn away from this pole by the main 
winding. With the winding shown," 
currents in either channel will cause the 
reed to cut a track at approximately 45° 
50 to the vertical.^ By a suitable re- 
arrangement of windings, or by a suitable 
transformer connection between the 
channels and the terminals of the recorder 
as shown, any other movement axes may 
55 he obtained. Thus for example the tool 
may have one movement by torsion of its 
supporting reed and another by flexure 
thereof. . 
An iailteTh'ative inOT coil design which 
60 ^ay employ electromagnetic damping 
may consist of a moving member in th« 
shape of a T as shown in Figure 10. The 
recorder sapphire 8 is supported on a light 
^ T member 17, which is supported at 18 by 
elastic means such that it may rotate albout 



this point, and may also translate 
vertically, though it is resistant to hori- 
zontal movements in the plane of the 
paper. The device is driven by moving 
coils, e.g. speech coils, 19 and 80 which •r'l 
are freely located and immersed in the 
steady magnetic field provided in annular 
gaps in a magnetic system, not shown. 
Current in one of the moving coils tends 
to both rotate and translate the device so 75 
that the sapphire 8 moves along an axis at ' 
approximately 45^ to the vertical. The 
movement of this device may be damped 
and equalised along the lines described in 
British Patent Specification No. 350,998. go 
As before any required axes of movement 
may be obtained by suitable interconnec- 
tion of the two driving coils. Such a 
movement preferably has the same natural 
frequency for both rotation and transla- 8b 
tion. Further the distribution of mass is 
preferably such that a small instantaneous 
force applied at one coil produces no 
movement at the other. 

Figure 11 shows another form of on 
recorder sirnilar in principle to the one 
shown in Figure 10 except that a moving 
iron drive is employed. The member 17 
moving ^;abottt axis 18 is constructed of 
..^a^&TOtic material, -or has a magnetic or 
^u^^pe?;^po^tion. The " £ " sh^ed member 
51 is polarised either by being partially 
permanently magnetised, or having a 
magnetising winding on it, so that the 
.central pole is of opposite polarity to the lOO 
•two outer poles. Speech windings on the 
outer poles are brought out to terminals 
15 and 16 to which the two channels are 
connected. 

In all the devices described albove, the j[05 
angles of the axes defining the movements 
of the sapphire can be altered by suitably 
connecting the speech windiirgs; for 
instance, axes which are normally inclined 
at 45° to the wax surface can be con- liO 
verted into pure hill and dale and lateral ' 
cut axes by arranging that the speech wind- 
ings are in series aiding for one channel 
and opposing for the other channel. In 
like manner any axis conversion can be 445 
effected by suitably combining the 
channels through transformers. 

In designing an electric pick-up to 
Teproduce both channels care mxist be 
taken that the inertia is kept as low as i20 
possible, and with this in mind a very 
light replica of any of the above described 
recorders, niay be employed. . Preferably,.. \ 
a moving system in the form of a T 
following the lines of the moving iron jok 
recorder shown in Figure 11 is employed 
as best suited for the purpose. Since the 
fundamental resonant frequency of a pick- 
up appears to be of no critical importance 
as regards its characteristic, it may not ^30 
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be necessary to adjust tke resonant fre- 
quency in the two modes to the same 
value, wliicli would simplify the design. 
Adjustments for sensitivity in the two 
modes may made by suitably connect- 
ing coils wound on tbe two limbs of the 
magnetic circuits. As in the recorder 
design the distribution of mass in the re- 
producer is preferahly such that forces 
producing motion in one direction [e.g. 
lateral movements) leave it substantially 
undisturbed in its reproduction b3^ motions 
in another direction (e.g. hill-and-dale). 

A good binaural effect may be obtained 
iby giving directional significance to only 
a' limited range of frequencies. For 
example, although good reproduction re- 
quires the ti*ansmission of all frequencies 
up to, say, 10,000 c.p.s. yet a good direc- 
tional effect is obtained from frequencies 
up to, say, 3,000 c.p.s. This would assist 
disc recording of the binaural impulses 
since tho lateral cut which represents the 
sum of the two channels to the speakers 
might have a frequency range extending 
to 10,000 c.p.s. whereas the hill-and-dale 
cut need transmit frequencies no higher 
than 3,000 c.p.s. This would consider- 
ably simplify the design crf-the recorders, 
and pick-\ips in .Elicit viow would 
only be required.'f'or:tiL^ lateral cut; ^ 
design w.ould thus -Be greatly simplified. 

These frequencies" are given merely by. 
way of example, and are not necessarily 
the optimum frequencies for design of this, 
character, which - will be determined by 
other considerations. 

In transmitting the two channels 
indicated in the various systems above 
described, instead of employing line 
transmission, radio transmission may 
if desired be employed. Each 
channel may be separately transmitted 
or prjefei;ably^the t;w^o channels may. be 
sent as clifPercnt modnlations of the same 
carrier wave. Thus one channel may be 
transmitted as an amplitude modulation 
and the other as a phase or frequency 
modulation of th^ same carrier wave. 
Alternativ<»ly the two channels may be 
transmitted ' as amplitude modxilations 
of different carrier waves which are 90® 
out of phase, the two waves being radiated 
from the same aerial in combination as a 
single wave propagation. Various systems 
for the transmission and reception of 
duplex radio signals along ihese lines are 
vknown and . any one- of- -sii.ch;'. or- -similar 
arrangements may be used in connection 
with the invention described herein 
according to its applicability or con- 
venience in the circumstances under con- 
sideration. It must be understood that 
with such a system of duplex radiation, it 
is possible, if desired, to perform one of 



the summing and differencing processes 
in the radio link. For example, by de- 
modulation at the receiving end with two 
carrier waves 90® out of phase, which 
carrier waves are 45® out of phase with 70 
the original modulating carriers, the 
resultant low frequency channels are the 
sums and diiferences of the original low 
frequency chaimels at the transmitter. 

The hereinde.^cribed system while being 75 
esjjecially applicable to talking pictures is 
not limited to &\\ch use. It may be 
employed in recording soiind quit<e inde- 
pendently of any picture effects and in 
this connection (as well as when used in gO ^ 
cinematograph work) it seems probable 
that the binaural effect introduced will 
be found to improve the acoustic pro- 
perties of recording studios and to save 
any drastic acoustic treatment thereof 85 
while" providing much more realistic and , 
satisfactory records for reproduction. 
Furthermore, the system may clearly be • 
employed when the microphone outputs : 
are led to the loud speakers instead hrst 90 
of being recorded, and such an arrange- 
ment may for example be employed in 
pulblic address systems in which direc- • 
tional sound effects are desired. In -^^^'i^^iB^ii'^ 
general the iirvention is applicable in airvi.^^^:j53^li;J:hiA;-- 
cases where it is desired to give directional -v^/Eif'^H ^ 
effects to emitted sound. Also in all . "r^y .V:-^ 

. cases, both when the impulses are fed to • -i^ . . 

tbe loud speakers without recording and . • - 
when they are recorded for subsequent re- 100 
production the total modi£cation and/or ^ 
interaction of the channels may be accom- 
plished in more than one stage. For 
example, tising pressure microphones, the • 
low frequency phase differences may be 
augmented, the medium frequency phase 
differences converted to amplitude 
differences, and the jiigh frequency ampli- 
tude differences augmented in a first staffe ^. , 
of modification; the low frequency" phase il'(>' 
differences may then be converted to 
amplitude differences in a later stage of .; 
modification. One or both of these stages ' 
may occur either before or after the sound 
has been recorded. In this manner the 
very small low frequency phase differences ; 
are augmented before they are amplified, 
so avoiding troubles due to small low \ 
frequency phase shifts in amplifiers. 

Moreover, the various devices employed 12G 
for carrying the invention into etfect ; 
must be understood not to Ibe limited to 

4heix-^iLS.e^TdJ;h. -the oth.er. devices. . in :t^he -^ji-^.^f.-v. 

systems also hereindescribed since clearly 
many parts, such, for example, as the 125 
dual track record prepared by a single ; 
cutter, and the multi-strip direction- ? " 

detecting microphone, are clearly of wide i 
use in such systems separately from one J 
anoth^^r. Such uses in binaural systems 13L^ "% 
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as herein described fall within the scope 
of this invention. . , xi. * *i 

It imi3t finally hs understood that tUo 
invention is not restricted solely to the 
details ot arrangements of the forms ot 
the invention described above since 
various modifications may be introduced 
in order to carry the invention into effect 
under different conditions and reciiure- 
menta -which have to be fulfilled without 
•departing in any way from the scop© 
covered thereby. . , , , j i 

Having now particularly described antl 
ascertaiaed the nature of our said inven- 
tion and in what manner the same is to 
Ibe performed, we declare that what we 

claim is : — ■ . , . • 

1 A system of sound transmission 
whe'rein the sound is picked up by a 
plurality of microphone elements and re- 
iLlucel by a plurality of loud sPfaker^ 
Comprising two or more directionally 
sensitive microphones and/or an arrange- 
m^t of -^dements in the transmission 
circuit or circuits wheretoy the relative loud- 
ness of the loudspeakers is made dependent 
upon the direction from which the sounds 
arrive at tiie microphones. . . 

O A - system of sound transmission 
wherein, the sound is received by two or ■ 
nioie;:miGrophone3, wherem at low tre- 
Qiieicie-i' difference in the phase of sountl 
. pressure at the microphones is "produced 
as difference in volume at the loud 

^^I^^A^aystem of sound transmission, in 
which the original sound is detected bj 
two cr more micropliones of a type such as 
velocity microphones wnose seiis.u.v.Lj: 
varies* with the direct on of »nci.lei.t 
sound, and in which the dependence of the 
relative responses of the microphones on 
the direction of an incident sound wave s 
used to control the relative volume, of 
sound ..emitted by . two or more loud 

speakers.^ ^^^^ of sound transmission" 
wherein two or more microjjhoues 
to detect the ongmal sound, and both the 
relative phase and volume of ^1^%°^*P"* 
of the two microphones are used to con- 
trol, according to, the direction of 
incidence of the original sound "^ave. the 
relative output volumes of two or more 
loud speakers. » 

5 A system according to any ot 

Claims 1 4 in which two or more 

channels are combined and separated into 
other, .channels so that ^^e resultant 
channels, though not similar t^^^]?*^"!^™" 
channels are modifications, of «}em «>n- 
veying the same directional intelligence in 

anotier form. , , . . 

6 A system of sound transmission, 
' wherein impulses from two microphones 
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transmitted over individual channels are 
adapted to interact whereJby two sets of 
impidses are further transmitted consist- 
ing- in half the sum and half the 
difference respectively of the original im- 
puLses, said impulses being thereaiter 
modified to control the relative loudness of 
loud speakers whereby the sound is to be 

reproduced. , . j. . m • n 

7. A system as claimed in biaim o 
wherein after modification the two sets of 
impulses are treated by a repetition of the 
sum and difference process initially 

effected. . 

8. A system as claimed in Claim 6 or 
7 wherein after the initial impulses have 
been translated to sum and ditYereuce im- 
pulses modification is effected in each sum 
and difference channel by attenuator net- 
works and/or pha.se modifying arrange- 
ments. ^ . . ' r^^ ' Q 

9. A system as claimed m Ulaim o 
wherein modification of the impulses is 
effected by plain shunt elements e.g. 
resistances and/or condensers, which may 
be variable in value. 

10. A system according to any oi 
Claims 5 — ^9 wherein for part of the fre- 
quency range phase differences m the 

- orio'inal channels are converted to ampli- 
tude differences in the resiiltant chann.ei8. , 

11. A system accordin:^? -t;Q{fj.any^.^. P^^ • 
Claims 5— iO wherein over. all;pr^pai* of - . 
the frequency range , . .the differences ^ 
betweea the channels are augmented or lOG^ 
reduced. • , 

12 A system according to any preced- 
inff claim comprising two separate micro- 

approximately equal, for example, to tHe iqS 
separation of the human ears, ^ _ 

13 A system according to Claim 
comprising two pressure microphones 
between which a ^)affle is provided. 

14 A system according, to an^' ot no 
Claims 2 or 4-r-.l- .comprising direction-- 
ally sensitive microphones. ^ _ 

15 A svstem of sound transmission 
wherein the sound is picked up by two 
directionallv sensitive microphones which 
are so spaced and/or with their axes of 
maximum sensitivity so directed relative 
to one another and to the sound source, 
that the relative loudness of loud speakers 
which reproduce the impulses is controlled 12a 
by the direction from which the sound 
reaches the microphones. ^ 

16 A system as claimed m any ot 
Claims 1—11. 14 or 15 comprising two 

-velocitiy microphones or . microphope.425. 
elements placed in close juxtapositiott 
with tlieir axes of maximum sensitivity 
pointing in different directions. 

IT. A svsfem as claimed m any of 
Claims 1—12 or 14—16 comprising 130 
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velocity microplLoiies or microplioiie 
elements in the form of a conductor so 
light as to move suhstantially as the sur- 
rounding air. 
g 18. A system as claimed in any of 
Claims 1 — ^12 or 14 — 17 Tvherein a 
plurality, e.g. two, velocity microphon© 
elements are built into a single container 
with a common magnetic system, or 

10 separate magnetic systems. 

19. A system as claimed in any of 
Claims 1 — 12 or 14 — 18 comprising two 
velocity microphones, one with its element 
perpendicular to the direction of the 

15 centre of the sound field " and the 
other with its element in line with said 
direction, both elements lying longitudin- 
ally in line, and at right angles to the 
plane in which the ^sound source moves. 

20 20. A system as claimed in any of 
Claims 1 — 12 or 14 — 18 wherein two 
velocity microphones lie with their 
elements at equal angles (e.g. each at 45®) 
to the direction of the centre of the sound 

25 field. 

21. A system as claimed in any of 
Claims 1 — 12, 14 — 18 or 20 comprising 
two velocity microphone elements the 
angle between which (and hence the angle 

3Q of each relative to the centre of .the 
"sound field") is adjustable. 

22. A system as claimed in aiiy of 
Claims 15^-"21 wherein the directionally 

. sensitive microphones are so arranged and 
25 directed as to provide impulse-s whereby 
the desired relative loxidnesses of tKe loud 
speakers are obtained, said impulses being 
transmitted to the loud speakers without 
modification or interaction. 
4Q 23. A system as claimed in any of 
Claims 15 — 21 wherein the, impulses 
generated by tho directionally sensitive 
microphones are modified (e.g. by attenuator 
networks in sum and difference ,ahannelsi 
"45 -before being reproduced by the loud 
speakers, 

24. A system as claimed in Claim 23 
wherein modification is effected by a 
common choke inserted between two 
microphones and two loud speakers, four 
leads (one txom. each microphone and each 
loud speaker) being connected together 
while the other lead from each member is 
movably connected to tappings on the 
choke. 

25. A system as claimed in any of 
Claims 1 — ^21, 23 or 24 wherein the modi- 
fication*of 'the= impulses is effected inntwo; 
or more stages. 

26. A system as claimed in any preced- 
ing claim wherein the transmitted im- 
pulses are photographically recorded upon 
separate film sound tracks, preferably 
adjacent to one another, either track being 

65 either of the variable width, or variable 
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density form. 

27. A system as claimed in any of 
Claims 1 — ^25 wherein a record of two sets 
of impulses is located upon a single film 
track in the form of a combined variable 
width and variable density recording. 
-28. A system as claimed in any of 
Claims 1 — ^25 wherein the impxQses are 
recorded upon discs or cylinders of wax 
or like suitalble material. 

29. A system as claimed in any of I 
Claims 1 — 25 or 28 wherein the two sets 

of impulses are recorded upon the same 
cylinder or disc. 

30. A S5'stem as claimed in Claim 29 80 X 
wlierein two sets of impulses are mechanic- ^ 
allj' recorded in the same groove. * 

31. A s\stem as claimed in Claim 29 or J 
30 wherein one record is a lateral cut ! 
and the other a hill-and-dale- cut in a 
single groove. 

32. A system as claimed in any of 
Claims 28; — 31 wherein the recordings are 
effected simultaneously. 

33. A system as claimed in any of 
Claims 28 — 32 wherein the recordings are 
effected by a single cutting tool. i 

. :34. ^ A system as claimed in Claim 33 
.. wherein, the cutting tool is capable of con- 
■froiled. .movement in all directions in a 05 
plane perpendicular to the direction of 
nipvement of the was. 
. 35. A system as claimed in Claim 33 
or 34 wherein the cut of the recording 
tool is in form a combination of lateral 160 
and hill-and-dale cuts, or equivalent to 
that form. 

36. A system as claimed in any of 
Claims 28—36, wherein one channel is 
recorded as a cut in a direction at an 
angle to the normal to the wax and the 
other channel is recorded as a cut at the 
same angle to the normal to the wax but 

. on the other hand relative to the groove. 

37. A system as claimed in any of HO 
Claims 2{>— 36, wherein the desired modi- 
fication of the two channels is wholly 
effected either before recording or after 
reproduction from the . record, or is 
partially effected in each stage. 

38- A sound reproducing system where- 
in the sounds are reproduced without 
modification fi'om one or more sound 
records prepared by a system according: 
to any preceding claim. 

39. Microphone arrangenients for a 
system according to any preceding claim 
compming a plurality of -=dir-ectionaIly-"- 
sensitive elements arranged with a 
common magnetic system, or separate J25 
magnetic systems, in a common easing 
or container, the axes of maximum sen- 
sitivity of the elements being arranged at 
an angle to one another, the elements 
being connected to separate transmission 
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cliaunels wkereby the impulees 
separately transmitted from the elements. 

40. Microphone arrangements as 
claimed in Claim 39, therein the angle 
between the elements is adjustable. 

41 A system accordmg to any ot 
Claims 28--37, embodying a sound 



adapted to have one movement by torsion 
of its supporting reed and another by 
flexure thereof. . , 

51. A system emOjodymg a sound 
recorder as claimed in Claim 50 wherein 
the cutting cool assembly is driven by 
moving coil drives, comprising speech 
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recorder comprising an operating move- 
ment adapted to respond to hoth chajmels 
to of impulses and to cut records of botli 
simultaneously. . o«„T,rl 

42. A system embodying a sound 
recorder as claimed in Claun 41 compris- 
ing a single cutting tool adapted to operate 
in a single groove. , 
4:3 A system embodying a sound 
recoxder as claimed in Claim 41 or 4> 
adapted to effect a different kind of record- 
ing cut (e.g. lateral or hill-and-dale) for 
eacli of tlie cliannels. . , 
44. A system embodying a sound 
recorder as-claimed in. Claim 41 or 42 
adapted to respond in similar ^^^J^®^ 
and effect cuts of similar form for ^ 
25 cliannel. but in opposite sense relative to 

*'"45^'r'&stem embodying a sound 
- recorder as claimed i^.any of Claims 41— 

44 comprising a cutting tool capable of 
,n SntSd movement in all directions in 
?° a JSne perpendicular to the direction of 

movement of tbe wax. . , 

^ A system embodying a sound 

reSrdS as claimed in any of Claims 41— 
35 45^nSrising a cutting tool themovements 
^ li ^Mch in two directions, Perpendicular 

or at an angle to one another, aie 

separately controUed by tne anving ur^ 

of senarate recording elements. 

ot^eppxate Embodying a sound 

*° record^ as claimed in any of Claims 41- 

45 comprising a cutting tool earned upon 
t fleSble reed adapted to be moved m 
!itber of two directions perpendicular or 

Afl at an angle to one anotber; or to Ibe ?ub 
fectTd to a resultant movement equpalent 

to tbe combination of sucb motions m botb 

■ ^Ts' a"- system embodying a sound 
50 recorder as daimed in Claim 4T wb.re m 
®° movements of tbe reed' are effected by 
Sectromagnetic forces imposed by 
adTaceS foles of a co-operating niagnetic 
svstem excited by the impulses to be 

'^4q'^A- system embodying a sound 
recorder as claimed in Claim 48 wberem 
compensating coi s. ^je wound on tbe 
magnetic system in addition to the «cU 
intT speech coils in order to neutralise 
effects upon one pole of impulses m the 
speech coil of the other pole. 

50 A system embodying a sound 
reSrder as claimed in any of Claims 41- 
6> 45 comprising a cutting tool assembly 
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moving coil uxiTCD, — o -'r--. 

coils attached thereto freely immersed in 
a steady magnetic field. . 

52. A reproducer for a transmitting 
s^-stem as claimed in any of Claims 1— 
38. comprising elements oi small weigM 
and inertia hut otherwise substantially 
identical in form and arrangement with 
those of a recorder as claimed in any of 
Claims 41—61, the cutting tool therein 
being replaced by a stylus whereby 
electrical vibrations are produced m the 
magnetic windings by vibrations imparted 
to the movable reed or like movable 
armature. , . 

53. A svstem as claimed in Claim 41 
embodving a sound recording or sound 
reproducing device substantially as repre- 
sented in Figure 9. 

54. A svstem as claimed m* Ulaim 41 
embodying a sound recording or sound 
reproducing device substantially as repre- 
sented in Figure 10. 

5.5 A system as claimed in L-laim 41 
embodving a sound recording or sound 
■reproducing device substantially as repre- 
sented iii Figure H- , , 

56. A sound record prepared by a 
system as claimed m any of Claims 1 — 6S iu« 

or 41 — 51. ... 

57. A sound record comprising in one 

i_.„ o'.iV.o4onftall->r KttTjarate pecords 

of sound which emanate from the same 
source, which soimds are picked up by lOo 
directionally sensitive devices and/or are 
subiected to modifications by elements m 
the recording circuit, in such a manner 
that when the records are reproduced, OM 
ill- one loud speaker and the other m liO 
another loud speaker, the intensities of the 
sounds simultaneously propagated convey 
in combination a true binaural effect to 
the listener. m • ^ jjk 

58. A sound record as claimed ii^.^^^^^ 
5T comprising separate cuts of difierent 
form or of same forms along any pair ot 
axes in a plane perpendicular to the direc- 
tion of movement of the wax. for the 
separate recordings. j i. j 

59 A sound reproducmg device adapteci 
to reproduce sounds from motions m one 
direction (e.g. lateral movements) on a 
sound record" prepared accor^ipjr to 
of Claims 43—51, while remaining snb- 125 
stantially undisturbed in its reproduction 
by motions in another direction (e.g. liiil- 

a'nd-dale). , . j • 

GO. A svstem as claimed m any ot 
Claims 1—39 wherein the impulses are 
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transmitted by radio telephony. 

61. A system as claimed in Claim 60 
wherein transmission is efEeot«Mi by the 
duplex modulation of a singxw ..-rier 

5 wave, or by radiation of a single wave 
formed of separately modulated com- 
ponents. 

62. A system as claimed in any of 
Claims 1 — 39, 60 or 61 in combination 

iO with means for the photog^raphic record- 
ing, or for the reproduction of pictures. 

63. A sound and picture reproducing 
system as claimed in Claim 62 wherein 
the relatiye volumes of the reproducing 

i5 loud speakers are so controlled as to pro- 
vide apparent location of the sound origin 
in coincidence with tlie optical location of 
the image from which the sound is sup- 
posed to emanate. * . 

20 64. A system as claimed m Claim 62 or 
63 wherein the relative modifications of 
the two channels is determined by the 
dimensions and lay-out of scene to be 
recorded, and/or the theatre in which re- 

25 production is presented. ^ 

65; A system as claimed in Claim 62, bo 
or 64 wherein the relative values of the 
.rapdifyi;ng;;uetwork3 in the two channels 
is deni^edJby. tKe formula 

^ TT ^ 1- — 



where the symbols have the meanings 
defined herein. 

66. A system aa claimed in any of 
Claims 1 — 30 or 60 — 65, or a plurality ..t 
such systems in combination aa a single 35 
system, adapted to provide a full direc- 

' tional significance to sounds emitted by 
a source movable in any direction in a 
plane-perpendiculai' to the axis of maxi- 
mum response of the microphone system. 4Q 

67. A system as claimed in Claim 66 
wherein the total sound emission of all 
loud speakers determines the position of 
the sound source along the said axis of 
maximum response, so that full three- 45 
dimensional acoustic location of the sound 
source is obtained. ^ ^ 

68. Systems of sound transmission sub- 
stantially as described herein, with 
reference to the accompanying drawings, 

69. Means for the transmission, record- 
ing and reproducing of sound substan- 
tially a^ described herein with reference 
to the accompanying drawings. 

70. Systems; for tihe transmission, 
recording and reproduction of combined 
picture and sound effects substantially as 
described herein with reference 'to the 
accompanying drawings, t;. ^-^Cv r 

Dated this 9th day of November, 1932, 

MARKS & CI1EBK-; . ; 
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